Abstract. The latest developments in the construction
INTRODUCTION
The current economic conditions demand for minimum cost and shortest period of construction in order to compete in the fierce market. Hence, the precast structures have been the most favorable construction type since the recent developments in the precast member manufacturing and the construction techniques covers the demand of the market. The connection details of the precast members have always been interest of the researchers looking for safer designs against extreme loadings, particularly the seismic loads. The connection of the precast elements (beams, columns, slabs and claddings) should have enough resistance capacity during the ground motions while they must be economical in case of retrofitting after the earthquake. The resistance of the structural members have been defined in terms of strength and deformation, however energy concept, a strong alternative to the current design approaches, can be used in the definition of the seismic resistance. Kelly et. al. (1972) performed elementary tests on the flat U shaped strip type steel elements, which is presented in Figure 1 .6. The relative motion of steel elements is directed parallel between adjacent surfaces, which might be significant energy absorption source by means of rolling, and bending. This study highlighted the significance of steel bent plates, which might be incorporated in structures for absorption of energy generated by earthquake effects.
The energy dissipater type steel members in jointed wall system of two or more precast concrete walls, post-tensioned to the foundation using unbounded tendons, and connected along the vertical joints with special energy dissipating shear connectors were studied in the content of Precast Seismic Structural Systems (PRESSS) program, by Priestley et al, (1991) .
A special type of energy dissipative connectors which can be utilized for the all connections mentioned above have been developed in the Structural Dynamics and Earthquake Engineering Laboratory of Istanbul Technical University (ITU-STEELAB) as a part of European FP7 project SAFECLADDING. In this paper, a connector type placed in the precast members' connections was studied to understand the overall response of the one story precast structures subjected to carefully selected and scaled earthquake records [1] .
ENERGY DISSIPATING DEVICES AND STRUCTURAL MODELS

ENERGY DISSIPATION DEVICE
The energy dissipation device used in this study is a deformable steel cushion element that is connected to the RC precast members (slab, beam, column, cladding, foundation) with eccentrically placed single bolts, Fig. 1 . The thickness of the device named as "Cushion" is taken as 8mm in the study. The deformation and strength characteristics of the cushion was obtained from the shear tests in ITU laboratories. The displacement based saw teeth test protocol with increasing amplitude up to 20 cm to both directions, was applied to the cushion. The force-deformation curve measured from the material experiment was carefully studied in the Finite Element Analyses numerical modeling program [2] and two mathematical models, namely WEN 1 and WEN 2, were fit to the experimental data in elastic range and plastic ranges, respectively. The fitting success of the all two models were scrutinized in the comparison of the force variation curve on which part of the structural response is achieved, Fig 3. WEN 1 and WEN 2 are in good agreement with experimental data in linear (before #150) and nonlinear (after #150) response, respectively. The mechanical parameters computed from the FEM analysis for the cushion element are given in Table 1 and the corresponding force-displacement scheme is depicted in Figure 4 . 
Models
STRUCTURAL MODEL AND CONNECTION VARIATIONS
The structural model studied is depicted in Figure 5 . The features of the structural model is provided as follows;
• The aspect ratio of this slab type building is three; it means that in-plane deformation of slabs will be effective especially on the behavior of middle frame columns even the slabs are cast in situ slabs. It can easily be estimated that the non-rigid connections and in-plane plastic deformations of slabs will pronounce this expectations.
• There are only two frames running in the long direction and two exterior frames running in transversal short direction. They are consisting of precast columns and beams which may be connected to each other with proposed energy dissipating device. Slab elements and cladding panels are connected to the longitudinal and transversal exterior frames respectively, by means of semi-rigid or rigid connectors.
• Slab elements and cladding panels which are located at the end of building in the short direction, are all connected to each other by steel cushions.
• Cladding panels are connected to the foundation so that this connection will provide both bending hinges and shear dissipations. Those will be parameters of this work.
• Cladding panels are connected to the beams of exterior frames by steel cushions with different strength and rigidities. The numerical model constructed in FEM analysis program was taken as the half of the longitudinal direction since the transversal symmetry is provided, Fig. 6 . The connection types between the all precast members (columns, beams, slabs, claddings) and the foundation were also shown in Fig. 6 . To study the energy dissipation characteristics of the entire structural model, the connection types were studied in three different variations. The structural variations are organized in order to observe the distribution of the energy dissipation by the connection types and accordingly which part of the structure is susceptible to the damage. Indeed, this approach is the motivation of the FP7 SAFECLADDING project and in this study, we realized how to manage the energy dissipation location which is the key to understand the energy based design. By means of this and further studies, a provision guideline would be recommended in the selection and the installation of the energy dissipation device for the slab-type precast structures with claddings.
GROUND MOTION RECORDS
The earthquake records used in the study was taken from PEER database [3] with respect to the soil conditions and the distance to the station using a selection and scaling procedure [4] . (1) where m is the assembled mass at the joint, ̈( )is ground acceleration and is the relative displacement of the joint. The total energy imparted into the structure was taken as the summation of the Energy Input values for each joint element. On the other hand, the Energy Dissipation ( ) values were computed analytically from the closed force-displacement loop area of the cushions modeled in the FEM program.
ENERGY CALCULATIONS AND ANALYSIS ALGORITHM
To overcome the pre-and post-process of the NTHA, the Open Application Protocol Interface (OAPI) commands of the FEM program were employed into a MATLAB based algorithm (SAMA-SAFECLADDING) that runs in High-Power Computing Server in Istanbul Kultur University [5] . SAMA-SAFECLADDING algorithm starts with copying the structural model, adding dynamic nonlinear time history case with parameters such as acceleration data, duration, sampling time, running the analyses cases and finally extracting the response values. Having all the response and the ground motion data, the energy dissipation values were calculated automatically.
The developed MATLAB scripts those employ OAPI commands were used in the civil engineering education for all degrees and also in the research projects. All the steps for NTHA process preparation of the models, running the analyses, extraction of the responses for energy and engineering parameter calculations for each structural variation was less than the expected duration if one has done all the pre-and post-process steps. Considering the amount of the earthquake records of 185 with different length, this analysis period without any additional human involvement is significantly important in the parametric seismic resistance studies. Because, the effort is paid to the evaluation of the results instead of process run.
RESULTS
The energy imparted into the structures and the energy dissipated by the deforming connectors (cushions) were calculated according to the comprehensive NTHA analyses of three structural model variations having different connection types, Table 2 . The values presented in the following results were taken as the arithmetic mean values of all the NTHA for each analyses sets to represent the characteristics of the ground motion records i.e. soil condition, focal distance and seismic intensity.
The first structural model variation was created with all the connectors, except F, of WEN 1 behavior model and the most of the imparted energy dissipated by Type E (connecting slabs to the longitudinal beams) , then Type A (connecting cladding to the foundation) and Type B (connecting the claddings) was computed. As seen in Table 4 The second structural model variation was created with all the connectors, except F, of WEN 2 behavior model and the most of the imparted energy dissipated by Type E, then Type B and Type A was computed. Contrary to the Variation 1, the energy dissipation ratios for Type A and E will decrease whereas Type B and C will increase, Table 5. Because, the yielding level of the devices in variation 2 is set to higher than the Variation 1 as seen in Fig. 2 The third structural model variation was created with all the connectors, except E and F, of WEN 2 behavior model and so that the most of the imparted energy dissipated by Type B, then Type A and Type C was computed. Keeping the Type E respond elastic by increasing the yield level, the energy dissipation of the structure has reoriented towards the connectors around the claddings, Type A, B and C. Noticing the Energy Input (EI) values for all structural variations it is clear that inelastic response characteristic of the devices do not significantly affect energy imparted into the structure. However, distribution of the energy dissipation within the structure is absolutely sensitive to cushion response characteristics.
CONCLUSIONS
The summary of the study is given in the following;
• One of the cushions studied in SAFECLADDING project, 8mm hollow cushion, was used in the analyses. The shear behavior of the cushion was determined from Material Tests.
• The numerical models of the cushion were defined by using a FEM analysis program. Two different behavior model based on WEN Model. The first model (WEN 1) fits the plastic region of the experimental hysteresis while the second (WEN2) is more consistent in the elastic region.
• Three variation of the structural model which has been used as benchmark case in SAFECLADDING project was studied with different connector types.
• Sets of ground motion records selected and scaled as the test data in SAFECLADDING were used in the Nonlinear Time History Analyses of the each structural variation. • In total, 185 NTHA for each variation was conducted using a computer algorithm "SAMA-SAFECLADDING" that provides efficiency in the pre-and post-process. SAMA-SAFECLADDING algorithm was developed in MATLAB program using OAPI commands.
• The results of the NTHA were used in the computation of the Energy terms of Input (EI) and Plastic (ED). According to the results of the study, the conclusions are listed as following; • Energy dissipation within the structure is partly provided by the devices those can be plastically deformed. The deformation characteristic of these devices are related to the geometric and mechanical properties. Therefore, the behavior numerical model defined to the device influences the energy dissipation characteristics of the entire structure. As observed between the Structural Variation models 1 and 2, the increase in the yielding level of the cushion (8mm hollow) significantly affects the energy dissipation values of the devices, therefore, higher the yield level results in lower energy dissipation which consequently affect the selection of the device properties.
• On the other hand, the change of the connector's response in one location, here it was the Type E in Structural Variation 3, resulted the reorientation of the energy dissipation values of the cushions. Therefore, it may be possible to control the energy dissipation distribution within the structure if the connectors' energy dissipation and deformation characteristics are predictable. The structural variation 3 clearly reveals the redistribution of the energy dissipation between the different connector locations.
• Comparing the results of the structural variations, the slabs freedom is more provided in the following order variation 1, 2 and 3. Larger drift of the mass is requires higher energy dissipation. Therefore, Type E connector should be taken as criterion in the evaluation of the behavior model for economical and safer design of the slab type structures. WEN 2 behavior model revealed that less amount of energy was dissipated by the cushions. Based on this fact, using WEN 2 model for the 8mm hollow cushions can be recommended for design. The motivation of the FP7 SAFECLADDING project and also this study is to understand the influence of the cushion characteristic and location on energy dissipation of the structure. Having studied this influence on several numerical models it is highly possible to lead an energy based seismic resistance and design of the slab type precast structures.
In the future studies, the other cushions tested in SAFECLADDING will be included into the structural model variations in order to propose a guideline for optimized the energy distribution in slab type precast buildings.
